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1.  Introduction 


A  relatively  new  alloy  of  aluminum  is  being  marketed  as  “ordnance  aluminum”  by  its  developer, 
Kasier  Aluminum  (Foothill  Ranch,  CA),  owing  its  history  to  the  development  of  ordnance 
applications  in  the  mid  1990s  ( 1 ).  The  aluminum  alloy  designation,  7068,  is  the  strongest 
aluminum  commercially  produced.  This  alloy  has  an  advertised  minimum  yield  strength  of 
99  ksi  (2).  The  commonly  specified  material  properties  for  extruded  7068  aluminum  are  shown 
in  table  1,  along  with  7050  and  7075  aluminum  alloys  for  comparison  (3). 

Table  1.  Mechanical  property  comparison  of  high-strength 
aluminum  alloys. 


Property 

Alloy 

7068 

7075 

7050 

Elastic  modulus  (Msi) 

NA 

10.4 

10.3 

YTS  (ksi) 

94 

73 

70 

UTS  (ksi) 

103 

83 

81 

Elongation  (%) 

5 

11 

10 

Note:  NA  =  not  available. 


It  is  assumed  in  the  listing  of  these  properties  that  they  are  isotropic.  However,  the  extrusion  of 
the  metal  stock  results  in  preferential  orientation  and  elongation  of  the  crystals,  resulting  in 
deformation-induced  anisotropy.  The  result  of  this  anisotropy  is  the  directional  dependence  of 
material  properties,  especially  strength.  The  elastic  modulus  that  defines  the  slope  of  the  linearly 
proportional  part  of  the  stress-strain  curve  is  insignificantly  affected  by  deformation-induced 
anisotropy.  Another  important  and  often  overlooked  assumption  is  that  these  properties  are 
invariant  with  respect  to  the  size  of  extruded  stock.  The  objective  of  this  work  is  to  characterize 
extruded  7068  aluminum  in  terms  of  its  elastic  properties  and  mechanical  strength  in  sizes  of 
interest  to  large-caliber  munition  designers. 


2.  Tension  Tests 


The  7068  aluminum  alloy  is  relevant  for  large-caliber  projectile  applications.  As  a  result,  test 
specimens  were  electronic  discharge  machined  in  accordance  with  ASTM  E8  ( 4 )  from  a  6-in- 
diameter  billet  in  both  the  billet’s  extruded  (i.e.,  longitudinal)  and  transverse  directions.  The 
specimen  geometry  is  shown  in  figure  1 .  The  specimens  were  painted  with  a  speckle  pattern  for 
strain  measurement  purposes  using  digital  image  correlation  (5),  clamped  in  an  Instron  1 127,  and 
pulled  at  a  rate  of  0. 1  in/s. 
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test  direction 


■> 


Figure  1.  Tension  test  specimen  geometry  (units  are  in  inches). 


3.  Results 


The  mechanical  properties  computed  from  the  longitudinal  and  transverse  tension  test  data  are 
shown  in  tables  2  and  3,  respectively.  The  elastic  modulus  is  calculated  using  a  linear  least- 
squares  regression  from  the  linear  portion  of  the  stress-strain  curve.  As  expected,  the  calculated 
elastic  moduli  for  the  longitudinal  and  transverse  directions  differ  little  from  each  other.  The 
yield  tensile  strength  (YTS)  is  taken  as  the  stress  at  0.2%  strain.  The  ultimate  tensile  strength 
(UTS)  is  the  maximum  stress  seen  during  the  tensile  test.  The  elongation  is  taken  as  the  largest 
strain  value  before  specimen  rupture  (failure).  As  expected,  the  longitudinal  direction  (i.e.,  the 
aluminum  billet’s  extruded  direction)  has  a  larger  YTS  and  UTS  compared  to  the  transverse 
direction.  These  findings  agree  with  the  larger  longitudinal  yield  and  UTS  values  reported  by 
Advanced  Materials  International  (AMI)  (7). 

The  directional-dependent  mechanical  properties  of  AMI  are  shown  in  table  4.  The  directional 
dependence  is  attributed  to  the  preferential  crystal  orientation  resulting  from  the  extrusion 
manufacturing  process  where  the  crystals  become  aligned  and  elongated  along  the  extrusion 
direction.  The  nonrandom  distribution  of  crystal  orientation  affects  the  macroscopic  mechanical 
properties,  particularly  strength  values  ( 6 ).  The  current  experimental  results  compare  well  with 
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Table  2.  Experimental  longitudinal  direction  properties. 


Material  Property 

Longitudinal  Direction 

Test  1 

Test  2 

Test  3 

Test  4 

Average 

Std.  Dev. 

Elastic  modulus,  E  (Msi) 

10.98 

10.05 

10.15 

10.13 

10.33 

0.438 

Yield  strength  (ksi) 

92.8 

91 

96.1 

96.7 

94.20 

0.003 

UTS  (ksi) 

98.9 

97 

101.2 

102.1 

99.80 

2.30 

Elongation  (%) 

10.4 

11.5 

11.9 

15.2 

12.25 

2.07 

Table  3.  Experimental  transverse  direction  properties. 


Material  Property 

Transverse  Direction 

Test  1 

Test  2 

Test  3 

Average 

Std.  Dev. 

Elastic  modulus,  E  (Msi) 

10.04 

9.94 

9.97 

9.98 

0.051 

Yield  strength  (ksi) 

75.5 

75.4 

74.5 

75.13 

0.001 

UTS  (ksi) 

82.2 

82.3 

82.3 

82.27 

0.06 

Elongation  (%) 

2.7 

3.1 

3.4 

3.07 

0.35 

Table  4.  Typical  mechanical  properties  per  AMI. 


Direction 

YTS 

(ksi) 

UTS 

(ksi) 

Elongation 

(%) 

Longitudinal 

99.1 

102.9 

9 

Transverse 

87.5 

93.5 

7 

Kaiser’s  specified  minimum  values  for  the  longitudinal  direction.  The  current  results  indicate 
that  reductions  in  strengths  and  elongation  are  significant.  The  stress-strain  curves  for  the 
longitudinal  and  transverse  direction  specimens  are  shown  in  figures  2  and  3,  respectively. 


4.  Discussion 


The  longitudinal  tensile  specimens  displayed  ductile  failure  surfaces  that  are  inclined  45°  relative 
to  the  load  direction.  Conversely,  the  transverse  specimens  exhibited  a  more  brittle-like  failure 
surface  that  was  roughly  perpendicular  to  the  load  direction.  This  behavior  is  evident  from 
observation  of  the  stress-strain  curves  shown  in  figures  2  and  3.  The  strain  to  failure  for  the 
longitudinal  specimens  is  greater  than  10%,  whereas  the  average  strain  to  failure  for  the 
transverse  specimens  is  less  than  3.5%.  Additionally,  the  YTS  and  UTS  for  the  transverse 
direction  are  lower  than  the  longitudinal  direction.  AMI  notes  this  directional  strength  behavior 
as  well.  The  calculated  elastic  moduli  for  the  longitudinal  and  transverse  directions  differ  little 
and  compare  well  to  the  published  data.  The  current  experimental  computed  material  properties 
compare  well  with  the  published  data,  except  for  elongation.  A  summary  of  the  7068  extrusion 
direction  properties  is  shown  in  table  5. 
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Figure  2.  Longitudinal  direction  stress-strain  curves. 
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Figure  3.  Transverse  direction  stress-strain  curves. 
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Table  5.  Summary  of  7068  aluminum  extrusion  direction  strengths. 


Organization 

Section 

YTS 

UTS 

Elongation 

(in) 

(ksi) 

(ksi) 

(%) 

AMI 

3-6.5  in 

90 

94 

5 

Kaiser 

Unknown 

99 

103 

9 

ARL  data 

6  in 

94.2 

98.8 

12.25 

Note:  ARL  =  U.S.  Army  Research  Laboratory. 


5.  Summary 


To  date,  7068  aluminum  alloy  is  the  strongest  commercially-produced  aluminum.  Strengths  for 
large-caliber,  munition-sized  components  are  experimentally  found  to  have  a  minimum  YTS  of 
91  ksi  and  minimum  UTS  of  97  ksi,  with  a  minimum  strain  to  failure  of  10.4%  in  the 
longitudinal  (i.e.,  extruded)  direction.  The  transverse  direction  properties  are  less  due  to  the 
preferred  crystal  orientation.  The  transverse  direction  strengths  have  a  minimum  YTS  of 
74.5  ksi  and  a  minimum  UTS  of  82.2  ksi,  with  a  minimum  strain  to  failure  of  2.7%.  These 
numbers  compare  well  with  other  published  data. 
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TCM  FSC3 
J  HAITHCOCK 
569  CRUIKSHANK  CIR 
FORT  SILL  OK  73503 

1  DIRECTOR 
NGIC 
IANG  TMT 
2055  BOULDERS  RD 
CHARLOTTESVILLE  VA 
22091-5391 

3  INST  FOR  AD  VAN CD  TECH 

H  FAIR 
I  MCNAB 
S  BLESS 

3925  W  BRAKER  LN 
AUSTIN  TX  78759-5316 

1  ALL1ANT  TECHS YSTEMS  INC 

R  DOHRN 
MN11  1428 
600  SECOND  ST  NE 
HOPKINS  MN  55343 
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NO.  OF 

COPIES  ORGANIZATION 

1  ATK 

M  JANTSCHER 
MN07  LW54 
5050  LINCOLN  DR 
EDINA  MN  55436 

1  ALLIANT  TECHS YSTEMS  INC 
R  BECKER 

MN11  2626 

5050  LINCOLN  DR 

EDINA  MN  55340-1097 

2  ATK  LAKE  CITY 
SMALL  CALIBER  AMMUN 

LAKE  CITY  ARMY  AMMUN  PLANT 
K  ENLOW 
D  MANSFIELD 
PO  BOX  1000 

INDEPENDENCE  MO  64051-1000 

1  ATK  LAKE  CITY 

LAKE  CITY  ARMY  AMMUN  PLANT 
SMALL  CALIBER  AMMUN 
J  WESTBROOK 
MO  10  003 
PO  BOX  1000 

INDEPENDENCE  MO  64051-1000 

2  DIRECTOR 
LLNL 

S  DETERESA 
F  MAGNESS 
PO  BOX  808 
LIVERMORE  CA  94550 

1  ARMTEC  DEFENSE  PRODUCTS 
S  DYER 
85  901  AVE53 
PO  BOX  848 
COACHELLA  CA  92236 

3  PACIFIC  NORTHWEST  LAB 
M  SMITH 

G  VAN  ARSDALE 
R  SHIPPELL 
PO  BOX  999 
RICHLAND  WA  99352 

1  CUSTOM  ANALYTICAL 
ENG  SYS  INC 
A  ALEXANDER 
13000  TENSOR  LANE  NE 
FLINTSTONE  MD  21530 


NO.  OF 

COPIES  ORGANIZATION 

3  ALLIANT  TECHS  YSTEMS  INC 
J  CONDON 

E  LYNAM 
J  GERHARD 
WV01  16  STATE  RT  956 
PO  BOX  210 

ROCKET  CENTER  WV  26726-0210 

2  GENERAL  DYNAMICS  OTS 
FLINCHBAUGH  DIV 
K  LINDE 
G  KURZIK 
PO  BOX  127 
RED  LION  PA  17356 

1  ARROW  TECH  ASSOC 

1233  SHELBURNE  RD  STE  D8 
SOUTH  BURLINGTON  VT  05403-7700 

1  UNIV  OF  CINCINNATI 

DEPT  OF  AEROSPACE  ENG  &  ENG 
MECHANICS 
A  TABIEI 

722  RHODES  HALL 
PO  BOX  210070 
CINCINNATI  OH  45221-0070 

4  UNIV  OF  DELAWARE 

CTR  OF  COMPOSITE  MTRLS 
J  GILLESPIE 
S  LOPATNIKOV 
S  YARLAGADDA 
S  ADVANI 

215  COMPOSITES  MANUFAC  SCI  LAB 
NEWARK  DE  19716 

1  UNIV  OF  DELAWARE 

CTR  OF  COMPOSITE  MTRLS 
M  SANT ARE 
126  SPENCER  LAB 
NEWARK  DE  19716 

1  DEPT  OF  MECH  ENG 

UNIV  OF  NEVADA  LAS  VEGAS 
M  TRABIA 

4505  MARYLAND  PKWY 
BOX  454027 

LAS  VEGAS  NV  89154-4027 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


ABERDEEN  PROVING  GROUND 


1  US  ARMY  ATC 

CSTE  DTC  AT  AD  I 
W  FRAZER 
400  COLLERAN  RD 
APG  MD  21005-5059 

62  DIR  USARL 
RDRL LOA  F 
M  ADAMSON 
RDRL  SL 
R  COATES 
RDRL  WM 
B  FORCH 
J  SMITH 
SKARNA 
J  MCCAULEY 
P  PLOSTINS 
T  WRIGHT 
RDRL  WMB 
L  BURTON 
M  ZOLTOSKI 
J  NEWILL 
RDRL  WMB  A 
D  LYON 
RDRL  WMB  C 
P  WEINACHT 
RDRL  WMB  D 
J  COLBURN 
P  CONROY 
RDRL  WMB  F 
W  OBERLE 
RDRL  WMM 
S  MCKNIGHT 
J  BEATTY 
R  DOWD1NG 
RDRL  WMM  A 
M  VANLANDINGHAM 
RDRL  WMM  B 
J  BENDER 
T  BOGETTI 
R  CARTER 
W  DE  ROSSET 
W  DRYSDALE 
R  EMERSON 
D  HOPKINS 
RKASTE 
L  KECSKES 
E  KLIER 
H  MAUPIN 
M  MINNIC1NO 
B  POWERS 


D  SNOHA 
J  SOUTH 
J  SWAB 
J  TZENG 

AMSRD  ARL  WMM  C 
M  MAHER 
W  SPURGEON 
RDRL  WMM  D 
ECHIN 
J  ADAMS 
B  CHEESEMAN 
J  MONTGOMERY 
RDRL  WMT 
P  BAKER 
C  HOPPEL 
RDRL  WMT  A 
S  SCHOENFELD 
D  HACKBARTH 
RDRL  WMT  B 
R  GUPTA 
B  MCANDREW 
RDRL  WMT  C 
T  BJERKE 
G  BOYCE 
T  EHLERS 
K  KIMSEY 
L  MAGNESS 
B  SCHUSTER 
B  SORENSEN 
R  SUMMERS 
B  WALTERS 
RDRL  WMT  D 
D  CASEM 
N  GNIAZDOWSKI 
T  WEERASOORIYA 
RDRL  WMT  E 
B  RINGERS 
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